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ABSTRACT: In this present study ZnO nanoparticles were synthesized with and without Nigella sativa seed extract 
by using Microwave irradiation method. The synthesized nanoparticles were characterized by XRD, FT-IR, SEM and 
EDAX techniques. The results of X-Ray Diffraction (XRD) predict crystalline nature and spherical shaped structure of 
the synthesized nanoparticles. The Functional groups of the synthesised nanoparticles are investigated through FT- 
IR spectroscopy. The Purity and morphological structure of the sample is analyzed by Scanning Electron Microscopy 
(SEM) and Energy Dispersive X-ray Microscopy (EDAX). The Zinc Oxide nanoparticles will be useful for different 
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applications including biosensors and pharmacological preparations. 
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1. INTRODUCTION 

Nanotechnology deals with nanoparticles that are 
atomic, molecular combining are characterized by size 
1 nm to 100 nm [1]. Nanotechnology plays an 
important role in modern research; it can be applied in 
fields like pharmaceutical, cosmetics, electronics, 
health care, biomedical science, drug and gene delivery, 
chemical industry, environment, health, space and 
industries. It has also been utilized for the treatment of 
infection, cancer, allergy, diabetes and inflammation 
[2].Nanotechnology is an important branch in the 
major fields of biology, chemistry, physics and material 
sciences. The nanomaterials can be synthesized by 
various techniques such as chemical, physical and 
biological methods. Green synthesis of Nanoparticles is 
clean, safe, eco-friendly and environmentally nontoxic 
method. ZnO nanoparticles have found fabulous 
applications in biomolecular, diagnostics and 
microelectronics [3]. Zinc oxide is a well-engineered 
compound that has received remarkable interest 
globally due to its distinctive properties and usages in 
various applications, such as _ pharmaceuticals, 
cosmetics, photonics, and photo catalysis. ZnO 
nanoparticles (NPs) can be synthesized through many 
physiochemical routes, such as sol-gel processes, co- 
precipitation, laser vaporization, micro emulsion, and 
ball milling [4]. The nanomaterials posses huge optical 
and electrical properties, hence widely applied in gas 
sensors, solar cells and biosensors,. ZnNPs have also 
been widely studied for their anti-bacterial and UV- 
blocking properties [5]. 
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Nigella Sativa is a plant that is a genus of the 
Ranunculaceae family. It has different names such as 
seeds of blessing, black cumin, and Kalonji. Black seeds 
are found around the world, especially in the Middle 
East. It was described as a miraculous plant because of 
the unique chemical composition of this plant. Nigella 
Sativa (NS) was used for several decades, including the 
ancient area. The medical aspects of Nigella Sativa have 
been attributed to Thymoquinone (TQ), which acts as 
anti-inflammatory and antioxidant. Various 
investigations have shown that the black seed has a 
protective effect against bacterial, fungal, and viral 
infections [6]. 

It is one of the most important medicinal plants, 
because it has multipurpose uses. Black cumin is used 
as a whole or in crushed form for various pursues. 
Essential oils and oleoresins by prepared by 
appropriate techniques to obtain value added products. 
Black cumin seed is applied for the treatment of 
diseases like paralysis, diarrhea, jaundice, amenorrhea, 
helminthiasis and asthma [7]. 


2. MATERIALS AND METHODS 
2.1 Chemicals 

The chemical reagents like Zinc acetate dihydrate, 
sodium hydroxide (NaOH) solution, acetone, distilled 
water was purchased from Erode, Tamil Nadu, India. 


2.2 Collection of Seeds 
The healthy Nigella sativa seeds were collected from 
Nathakkadaiyur, Tirupur district, TamilNadu, India. 
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Nigella sativa seed powder was prepared by crushing 
the seeds in a grinder. 


Fig 1 Nigella sativa (plant and seeds) 
2.3 Synthesis of Pure ZnO (PZnO) Nanoparticles 


To synthesis Pure ZnO nanoparticles, 10.975g of zinc 
acetate dehydrate was dissolved in 100ml of distilled 
water. And it was stirred for 30 minutes by using magnetic 
stirrer. The sodium hydroxide (NaOH) solution was added 
drop-wise in the above solution to maintain the pH level 
as 12 under continuous stirring for 30 minutes. The 
prepared solution was aged for 24 hours. Thus the settled 
precipitate was washed with double distilled water to 
clear impurities, and the product was kept in microwave 
oven at 350W for 30 minutes. Then the dried cake was 
kept in furnace in 400'c for 4 hours. The final product was 
grained using mortar to get fine powder of Pure ZnO 
nanoparticles (PZnO). 


2.4 Preparation of Nigella Sativa (Black Cumin) Seed 
Extract 

Around 10g of the seed powder was mixed with 50m of 
distilled water and boiled for 15 minutes. A pale yellow 
colour solution was formed and was cooled at room 
temperature. Then the extract was filtered with 
Whatmann No.1filter paper to obtain a clear solution. 


2.4.1 Synthesis of Seed Capped ZnO (NZnO) 
Nanoparticles 

To synthesis capped ZnO nanoparticles, 10.975g of zinc 
acetate dihydrate was dissolved with 100m1 distilled 
water and it was stirred for 30 minutes by using magnetic 
stirrer. The 10ml seed extract solution was added drop- 
by-drop into zinc acetate dihydrate solution and this 
mixture was stirred about 30 minutes. Then 
sodiumhydroxide (NaOH) solution was added drop-wise 
in above mixture to maintain the pH level as 12. This 
mixture was continuously stirred for 30 minutes. After 30 
minutes the prepared solution was aged for 24 hours. 
Then the settled precipitate was washed with double 
distilled water and the final product was kept in 
microwave oven at 350W for 30 minutes. The dried cake 
was grained using mortar to get fine nano powder 
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ofNigella Sativa seed capped zinc oxide nanoparticles 
(NZn0O). 


3. RESULT AND DISCUSSION 
3.1 SEM Analysis 

The grain size, shape and surface morphology were 
investigated by the scanning electron microscope 
technique (SEM).The synthesized pure zinc oxide 


nanoparticles (PZnO) predict needle shaped structure 
capped zinc oxide nanoparticles. (NZnO) exhibits nano 
cubes as displayed in Fig 2. 


Fig 2 SEM images of PZnO and NZn0 particles 


3.2 XRD Analysis 

The crystalline size and structural properties of the 
ZnO nanoparticles was revealed by using X-ray 
diffraction. The crystalline size of the sample was 
determined from the XRD measurement using Debye 
Scherrer’s formula [7], 


D=KA /BCos®0 


D is the average crystalline size (nm), 

K is the Scherrer’s constant crystallite shape factor, 

Ais the wavelength of XRD, 

6B is the full width at half the maximum of the 
diffraction peak, 

Gis the Bragg (diffraction) angle. 


Lattice constants and unit cell volume 

The lattice parameter calculated by equation of 

1/d2= (4(h2+hk+k?) /3a2) + (12/c?) 

Where, d is the plane spacing, a and c are the lattice 
parameters which confirms the hexagonal wurtzite 


structure. The unit cell volume (V) of the sample was 
described using the given equation 


V= V3/2xa?xc 


The XRD pattern of prepared PZnO and NZnO was 
shown in Fig 3. The capped sample confirms the 
presence of hexagonal wurtzite structure and it is well 
matched with JCPDS file No: 36-1451. The diffraction 


Nandhini et al., 


International Journal of Advanced Science and Engineering 


www.mahendrapublications.com 


Int. J. Adv. Sci. Eng. Vol.7 No.2 1756-1760 (2020) 1758 


peaks of the prepared PZnO nanoparticles at 20= 
nanoparticles at 20=36.30°, 47.59", 62.88", 67.97° and 
69.10°equivalent to (101), (102), (103), (112) and 
(201), hkl planes respectively. The average crystalline 
size (D) of PZnO and NZnO was 19.21 nm and 15.87 nm 
were revealed in Table1. Thus the average crystalline 
size of NZnO was reduced when compared with PZnO 
due to capping of seed extract. 


2 Theta(degree) 


Fig 3 XRD pattern of Pure and Capped ZnO 
nanoparticles 

3.3 FT-IR Analysis 

The Fourier Transform Infrared spectroscopy (FT- 
IR) reveals the presence of various functional groups of 
Pure ZnO (PZnO) and capped ZnO (NZn0O) 
nanoparticles [8]. FT-IR spectrums of the prepared ZnO 
samples were recognized using at a wavelength range 
of 400 -4000 cm“! which is shown in Fig 4. The 
absorption spectra of 1450.47 cm? and 1411.89 cm? 
indicate the presence of N=O stretching. The peak at 
2318.44 cm? and 2316.51 cm corresponds to O-H 
(free) stretching. 2800.64 cm represents the C-H 
stretching and 3589.53 cm and 3441.01 cm! which 
reveals the N-H stretching. 3861.49 cm‘and 3844.13 
cm?! represents the O-H stretching (bonded). The 
functional groups of pure and capped ZnO are shown in 
the Table 2. 


Transmittance(*) 


400 800 1200 


1600 2000 2400 2800 3200 800s: 4000 


Fig 4 FT-IR spectrum of Pure and Capped ZnO 
nanoparticles 
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36.44°, 47.71", 63.03°, 68.12°and 69.29°and NZnO 


3.4 EDAX Analysis 

Energy dispersive X-ray spectroscopy (EDX) 
provides a qualitative and quantitative analysis. The 
chemical composition of the elements was determined 
by this technique [9,10]. The EDAX spectra of Pure zinc 
oxide nanoparticle (PZnO) and Capped zinc oxide 
nanoparticle (NZnO) reveal that both Zinc (Zn) and 
Oxide (0) peaks are observed and the same is shown in 
Fig 5. EDAX spectrum also gives the intensity and the 
atomic weight of the elements of the Sample is 
represented in Table 3. 
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Fig 5 a, b EDAX spectrum of Pure ZnO and Capped ZnO 
nanoparticle 


3.4 CONCLUSION 


In the present study, ZnO nanoparticles were 
synthesized by green synthesis method with and 
without capping agent of Nigella sativa. The 
synthesized samples are characterized SEM, XRD, FT-IR 
and EDAX. SEM results show Needle shaped 
morphology for PZnO and Nanocube shaped 
morphology for NZnO, which proves that capping agent 
can create in change in morphology of samples. The 
XRD pattern confirms the crystalline size of the sample, 
lattice parameter, and unit cell volume of 
nanoparticles. The crystalline size decreases in capped 
ZnO (NZnO) for 15.81 nm when compared with Pure 
ZnO (PZnO) for 19.21 nm. FT-IR studies confirmed the 
presence of various functional groups present in the 
prepared Pure ZnO and Capped ZnO nanoparticles. The 
EDAX analysis of Pure ZnO (PZnO) and Capped ZnO 
(NZnO) are present in the Zinc (Zn) and Oxides (0) 
which confirms the elemental composition of zinc 
oxide nanoparticles. The overall results demonstrated 
that the growth of a rapid, cost-effective, eco-friendly 
and safe method of zinc oxide nanoparticle synthesis 
exploiting the reducing and capping potential of Nigella 
sativa (Black cumin) can be used as the best candidate 
for pharmaceutical preparations. 
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Table 1 XRD analysis of Pure and Capped ZnO Nanoparticles 


36.4483 2.46311 0.47030 101 17.79 
47.7154 1.90448 0.49020 102 17.72 
63.0386 1.47345 0.50200 103 18.63 
PZnO 68.1252 1.37529 0.52050 112 3.22 5.23 46.90 | 21.79 | 19.21 
69.2992 1.35484 0.48490 201 20.12 
36.3063 2.47241 0.41320 101 18.41 
47.5940 1.90906 0.50360 102 14.53 
62.8823 1.47674 0.47940 103 14.42 
NZnO 67.9731 1.37800 0.46930 112 3.23 5.16 47.15 | 14.32 | 15.87 
69.1082 1.35811 0.37640 201 17.68 


Table 2 Functional groups of Pure and Capped ZnO nanoparticle 


1 PZnO 1450.47 2318.44 2800.64 3589.53 3861.49 
2 NZnO 1411.89 2316.51 2800.64 3441.01 3844.13 
Table 3 EDAX analysis of Pure ZnO and Capped ZnO nanoparticles 
O 1.1241 26.42 59.46 
PZnO 
zn 0.9258 73.58 40.54 
O 1.1830 32.62 66.42 
NZnO 
zn 0.9096 67.38 33.58 
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